Background: Continuous interscalene block has been known to improve postoperative analgesia after arthroscopic shoulder surgery. This was a prospective study investigating the ultrasound-guided posterior approach for placement of an interscalene catheter, clinical efficacy and complications after placement of the catheter.
Introduction
Continuous interscalene block (CISB) has been known to improve postoperative analgesia after arthroscopic shoulder surgery [1] . By allowing real-time visualization of needle advancement, ultrasound-guided nerve block makes it possible to avoid direct contact with and injection of local anesthetic into the target nerve [2] and helps to place the catheter in the appropriate location within the brachial plexus during shoulder surgery involving the C5 and C6 nerve roots [3, 4] .
Antonakakis et al. [4] described that the ultrasound-guided posterior approach had the advantage of securing catheter placement because it passed through multiple muscle layers. When the interscalene brachial plexus block was performed using traditional techniques [5] , spread of local anesthetic to the phrenic nerve through the anterior scalene fascia has been reported, with an incidence rate as high as 100% [6] . However, by using a lower dose of local anesthetic with the help of ultrasound-guidance, the incidence rate of complications such as hemidiaphragmatic paresis can be reduced [7, 8] . A study that showed CISB using ultrasound-guided posterior approach was more effective than a single injection interscalene block [9] . But, there are few studies that examined the success rate of catheter placement and complications such as respiratory distress and nerve injury.
We evaluated the success rate of catheter placement and the effectiveness of pain control by CISB using ultrasoundguided posterior approach as well the incidence of nausea, vomiting, dyspnea, vascular puncture, infection and neurologic complications.
Materials and Methods
The subjects examined in this study were 42 American Society of Anesthesiologists (ASA) physical status I-II in-patients undergoing elective arthroscopic rotator cuff repair. The Institutional Review Board of the Hospital app roved this study and written informed consent was obtained from each patient. Patients who received chronic analgesic therapy, had severe chronic bronchopulmonary disease, coagulopathy, neuropathy or allergy to amide local anesthetic were excluded.
Upon the patient's arrival in the operative room, noninvasive monitoring of blood pressure, EKG and pulse oximetry were performed and 1-2 mg of midazolam was given intravenously to the patient as premedication.
An experienced anesthesiologist performed the ultrasoundguided CISB and the surgery was done by one operator. CISB was performed using the ultrasound-guided posterior approach described by Antonakakis et al. [4] and an interscalene catheter placement method as previously reported [10] . The patient was placed in the lateral decubitus position with the operative shoulder nondependent. A linear high frequency 6-13 MHz ultrasound probe (Sonosite M-Turbo Ⓡ , Sonosite Bothell, USA) was placed on supraclavicular fossa and the brachial plexus was identified. On short axis view, the subclavian artery was identified and the brachial plexus was seen superficial and posterior to the artery. While maintaining the brachial plexus in the center of the image, the probe was moved cephalad direction until the brachial plexus was located between the anterior and middle scalene muscles at the C7 vertebra level. At this point, a povidone iodide skin preparation was used, and an ultrasound transducer was prepared with a sterile vinyl wrap (Tegaderm TM , 3M, Germany) and sterile gel (Progel Ⓡ , Dayo, Korea). The subcutaneous tissue was then anesthetized with 3 ml of 2% lidocaine (Lidocaine Ⓡ , Huons, Korea). A 17-gauge Tuohy needle (Arrow Ⓡ , Arrow International, USA) was inserted between the levator scapulae and trapezius muscles (Fig. 1) . The advancement was done with the in-plane needle insertion technique to clearly visualize the needle. The needle was advanced until it was located between the C5 and C6 nerve roots of the brachial plexus. After the insertion of a 17-gauge Tuohy needle into the anterior border of the middle scalene muscle, 20 ml of 0.2% ropivacaine (Naropin Ⓡ , Astrazeneca, UK) was injected into the interscalene space to expand the fascial plane between the brachial plexus and middle interscalene muscle (Fig. 2) . After a 19-gauge catheter was advanced through the 17-gauge Tuohy needle, 10 ml of normal saline was injected through the catheter and expansion of the interscalene space was confirmed by using ultrasound (Fig. 3) . When the resistance to the catheter threading was noted, the catheter was advanced after turning the Tuohy needle bevel to the caudad direction. After the 17-gauge Tuohy needle was removed from the 
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catheter, the catheter was subsequently secured to the skin with 2-0 black silk preventing removal of the catheter (Fig. 4) . While performing CISB, frequent aspiration using a 10 ml syringe was performed to check for blood and CSF due to vascular puncture, accidental spinal or epidural anesthesia. Then, the distance from the skin to the tip of the catheter and from the Tuohy needle tip to the tip of the catheter was recorded. Ten minutes after the procedure, the brachial plexus block was evaluated using an alcohol swab and was considered to be successful when subjects demonstrated a decrease in perceived sensation to cold on the skin over the deltoid muscle. Also, the success rate of catheter placement after a single attempt was evaluated. General anesthesia was induced by IV administration of 2% lidocaine (1 ml) and propofol (2 mg/kg) after manual ventilation was performed with O 2 given at 8 L/min. At loss of eyelash reflex, rocuronium (0.6 mg/kg) was administered intravenously and intubation was performed. Anesthesia was maintained by O 2 and N 2 O each at 2 L/min, sevoflurane was administered at 1.5-2.0 vol%. After the surgery, pyridostigmine (10 mg) and glycopyrrolate (0.4 mg) were intravenously administered and the patient was extubated. Before transferring the patient to the post anesthetic care unit (PACU), a patientcontrolled analgesia (PCA) pump (Accumate Ⓡ 1000, Wooyoung Medical, Korea) containing 280 ml of 0.2% ropivacaine, with a continuous basal infusion rate at 4 ml/hr and a patientcontrolled boluses available 5 ml every hour, was connected to the patient. The catheter was removed at 48 hours after com pletion of the surgery. Clinical effectiveness of pain control in the PACU was evaluated. Fentanyl (25-100 μg) was administered to the patient for severe pain and when needed ketorolac (30 mg) was given additionally. When the patient had continued pain, 10 ml of 1% lidocaine was injected through the catheter. For patients with nausea or vomiting, metoclopramide (10 mg) or ondansetron (8 mg) was administered. Success rate of the catheter placement was evaluated for the next 48 hours at the ward. Patients were closely monitored for signs of dyspnea immediately after catheter placement and also during Vol. 61, No. 6, December 2011 US-guided posterior approach for CISB their stays at the PACU and the ward. Incidence of infection was evaluated using the following criteria -fever, itching sensation and pain at site of catheter placement, redness of skin and abscess formation at site of catheter placement during dressing at postoperative day-1, postoperative day-2, and catheter removal before patient was discharged. Incidence of neurologic complications, such as loss of sensation, paresthesia, hyperesthesia, hypoesthesia, weakness of muscle power and paralysis unrelated to the surgical procedure was evaluated during the patient's hospital stay and two weeks after discharge during outpatient visit.
All measured data were expressed as mean ± SD, number of patients, or percentage (%).
Results
Among the forty-two patients included in this study, twenty were male and twenty-two were female. Age, body weight, height, sex, ASA class and operation time of patients are shown in Table 1 .
The needle was originally positioned in the interscalene space of C5 and C6 nerve roots and the catheter was threaded 5.4 ± 1.8 cm further from the tip of the Tuohy needle and finally positioned at a depth of 9.6 ± 2.2 cm from the skin. Initial catheter placement was successful in all patients, but due to accidental removal of the catheter in the ward in three of the patients, the success rate of catheter placement during the 48 hours was 92.9%. Ten minutes after injection of local anesthetic into the interscalene space, a decrease in cold sensory function of the ipsilateral deltoid muscle was observed in all patients (100%) ( Table 2 ). Five patients (11.9%) needed analgesics in the PACU and they were given 25-100 μg of fentanyl. Three of the five patients were additionally injected with 30 mg of ketorolac, and the remaining two with more severe pain were injected with 10 ml of 1% lidocaine via the catheter. During the procedure, hematoma, although minor, occurred in 1 patient (2.4%) due to puncture of a small vessel. However, there were no cases of inadvertent spinal and epidural anesthesia. Five patients (11.9%) complained of nausea and vomiting and were administered either metoclopramide (10 mg) or ondansetron (8 mg). Two patients (4.8%) complained of dyspnea with anxiety, but breathing soon normalized when the PCA pump was locked.
During infusion of local anesthetic, 19 patients (45.2%) experienced paresthesia or numbness of the arm, but sensory and motor function returned to normal in all patients after transient discontinuation of local anesthetic infusion or after removal of the catheter. No patient showed signs of infection around the area of the catheter placement or abnormal sensory as well as lack of motor nerve function of the shoulder, arm and hand during admission and two weeks after discharge (Table 3) .
Discussion
CISB is an effect analgesic method for shoulder surgery [1] . By using ultrasound to visualize the nerves, nearby anatomical structures and spread of local anesthetic, it is possible to perform the nerve block with a high success rate without causing unintended nerve stimulation or paresthesia [2] .
The posterior approach to the brachial plexus at the level of the cervical nerve roots was first described by Kappis in 1912 [11] and ultrasound-guided posterior approach for the placement of the interscalene catheter was subsequently reintroduced by Antonakakis et al. in 2009 [4] .
Challenges related to the anterolateral approach of CISB Values are mean ± SD or number of patients. Values are mean ± SD. include avoiding the external jugular vein, catheter dislodgement and inclusion of the catheter site in the surgical field. Furthermore, failure rate of up to 20% was reported while using the anterolateral approach with a nerve stimulator [12, 13] . Reported failure rates of initial catheter placement were estimated to be 8% [14] . On the other hand, as the ultrasound-guided posterior approach passes many muscles, the catheter can be safely positioned [4] . When the catheter is placed on the neck, as the distance between skin and the brachial plexus becomes short, there is a risk of the catheter being inadvertently removed from the originally positioned site. Therefore, to improve the success rate of the catheterization, the catheter should be positioned to the proper depth and sutured to the skin. In this study, the catheter was inserted between the levator scapular and trapezius muscles with a depth of 9.6 ± 2.2 cm from the skin, which was 5.4 ± 1.8 cm from the needle tip positioned between the C5 and C6 nerve roots. The three patients who experienced inadvertent removal of the catheter had their catheter positioned at a depth no longer than 7 cm from the skin and 3 cm from the C5 and C6 nerve roots. However, when the catheter is positioned deeply, kinking or knoting can occur and complications such as intrathecal or epidural insertion can happen. Therefore, the catheter should be positioned at an appropriate depth that can prevent inadvertent catheter removal. The acute complications with CISB are transient phrenic nerve palsy, recurrent laryngeal nerve paralysis, Horner's syndrome, pneumothorax, hemothorax, spinal anesthesia and epidural anesthesia. The phrenic nerve usually starts at the C4 nerve root but also starts from C3 and C5 nerve roots. The phrenic nerve than travels obliquely with the internal jugular vein and passes the anterior border of the anterior scalene muscle. The group of interscalene blocks by the Winnie technique [5] has high rate of pherenic nerve palsy [6] . In a study with cadavers using the supraomohyoidal block, an approach that avoids medially directed needle advancement, the solution did not spread medially beyond the lateral margin of the anterior scalene muscle into the scalenovertebral triangle. Therefore, the phrenic nerve, stellate ganglion, laryngeal nerve and the vertebral artery were not exposed to the injected solution. Whereas in the cadavers group received an interscalene block by the Winnie technique, the dye spreaded medially to the anterior scalene muscle and reached the phrenic nerve, the vagus nerve and the sympathetic trunk [15] . Urmey et al. [6] showed that 100% of the patients with an interscalene brachial plexus anesthesia by the Winnie technique developed ipsilateral hemidiaphragmatic paresis detected by ultrasonography. Ultrasound-diagnosed phrenic nerve palsy was reported to be detected in 85% of the brachial plexus block without nerve stimulator, 35% with nerve stimulator and 20% in CISB patients [16] . In CISB with nerve stimulator and the modified lateral technique, 15% of the patients showed dyspnea due to phrenic nerve palsy. They were usually elder patients and recovered in about 4 hours with oxygen therapy [17] . In another case report, a patient who had undergone CISB complained of chest pain the next day. In the chest x-ray, the ipsilateral diaphragm was elevated due to unilateral phrenic nerve block, and atelectasis and the pleural effusion was also detected [18] . However, within ultrasound guidance and low dose local anesthetic, the incidence rate of unilateral phrenic nerve block can be decreased [7, 8] . Renes et al. [7] performed a brachial plexus block with 10 ml of local anesthetic and the incidence rate of unilateral phrenic nerve palsy was 93% with nerve stimulator and 13% with ultrasound-guidance. Riazi et al. [8] performed an interscalene brachial plexus block under the ultrasound-guidance and reported the incidence rate of unilateral phrenic nerve palsy to be 100% with 20 ml of local anesthetic and 45% with 5 ml but there was no statistically significant difference in pain scores for 24 hours. In our study, 20 ml of local anesthetic was injected to the interscalene space and 4.8% of patients complained of dyspnea with anxiety. In those cases, PCA was locked and calmed the patient and the respiration was restored. Compared to other studies, the number of patients complaining dyspnea was rather small. First, this was due to the fact that almost all of the patients were confirmed by ultrasound to have the local anesthetic not crossing the anterior scalene muscle to the medial side and being well spread to the space formed between the brachial plexus and the middle scalene muscle (Fig. 2) . Second, the catheter was confirmed not to be crossing the scalene muscle to the medial side and well positioned in the space formed between the brachial plexus and the middle scalene muscle (Fig. 3) . Third, with injection of normal saline into the catheter, the spread of saline in the space between the C5 and C6 nerve roots and middle scalene muscle was also confirmed by ultrasound. However, it is difficult to confirm the catheter positioning by ultrasound in all patients. A lower dose of local anesthetic will further decrease the incidence rate of unilateral phrenic nerve palsy.
A tingling sensation maintained for hours after CISB can cause anxiety and discomfort to patients. In this study, 45.2% of patients complained of paresthesia. However, after discontinuing the drug or removal of the catheter, every patient had their sensory and motor function normalized. This can be explained with the accumulation effect with the initial loading dose before general anesthesia and continuous infusion dose after the surgery. In a report of Fredrickson and Kilfoyle [19] new neurol ogic symptoms appeared after 10 days, 8.2%, 3.7% in a month and 0.6% in 6 months of a thousand patients who had orthopedic surgery under ultrasound-guided peripheral nerve Vol. 61, No. 6, December 2011 US-guided posterior approach for CISB block. Almost all of the neurologic symptoms were not related to the nerve block. New neurologic symptoms appeared more often in patients who experienced paresthesia during the procedure and the incidence rate was similar to the traditional procedure. Antonakakis et al. [4] with the posterior approach inserted a needle between the C5 and C6 nerve roots and punctured the sheath of the brachial plexus and injected the local anesthetic and threaded the catheter. As this method can have the possibility of nerve damage due to the proximity to the nerve, we placed the needle into the interscalene space but did not go closely near the C5 and C6 nerve roots to puncture the sheath of the brachial plexus nerve (Fig. 2) . No patient complained of the severe paresthesia due to the needle contacting the nerve nor patient complained of sensory and motor nerve abnormalities 2 weeks after surgery at the orthopedic outpatient department.
During the CISB, one should avoid puncture of the vertebral artery. As the vertebral artery starts from the subclavian artery, passes between the longus colli and anterior scalene muscles, and goes into the transverse foramen of the C6 vertebra, it can be confirmed at the level of the C7 vertebra with the ultrasound. With the posterior approach with ultrasound, since the needle is not inserted into the anterior scalene muscle, one can avoid puncture of vertebral artery. In this study, there were no arterial punctures including the vertebral artery. One of the patients had a venous puncture and a small hematoma, but it disappeared at the end of the surgery.
Infection of the CISB catheter can cause significant complications. The risk factors for the infection of the catheter include admission to the intensive care unit, immunocompromised patients, catheter insertion site and duration of catheter placement [20] . Capdevila et al. [21] reported a case with acute neck cellulitis and mediastinitis caused from an infection related to the process of local anesthetic injected into the PCA. In many studies, 48 hours after the peripheral nerve block, 16.7-57% of patients had bacterial infection, but only 3.0-9.0% had signs of the local infection, and the interscalene catheter had bacterial infection in 11.0-25% of the cases [22, 23] . In our study during the admission period and the outpatient department follow-up 2 weeks later, there were no signs of infection around the procedure site of the neck.
This study has potential limitations. First, as the interscalene space is not a closed area, local anesthetic can spread slowly to the anterior scalene muscle or spread rostrally and make phrenic nerve palsy, even if this did not occur initially. Therefore, to record the precise incidence rate of phrenic nerve palsy, ultrasound and a chest X-ray would be needed. Second, to confirm the location of the catheter, agitated solution or color doppler will be needed. Third, in this study we recorded the complication rate according to the catheter insertion technique. It will be helpful to record the pain scores of the patients during 48 hours to confirm the usefulness in this catheter placement technique.
In conclusion, ultrasound-guided posterior approach for interscalene catheter placement for arthroscopic shoulder surgery showed high success rate and good pain control with low com plication rates such as dyspnea, inadvertent puncture of the vessel, infection and neurologic abnormalities. However, for a safer procedure, further study is needed about the method of higher success rate and lower complication rate including larger scale patient group.
